puzzles remain: although quasiparticles are seen to form at temperatures above the hidden-order phase, they do not seem to be quite heavy enough to be consistent with other properties of URu 2 Si 2 , such as its specific heat. It is only in the hidden-order phase that the quasiparticles are revealed to be fully heavyan observation consistent with recent photoemission experiments 5 , which measured the energy and direction of electrons emitted from a sample of URu 2 Si 2 when ultraviolet light was shone at it. Nor is it easy to make the authors' results consistent with neutron-scattering data 6 , which suggest an energy gap, as seen here 2 , but also show hints of standing-wave structure, which they do not observe.
APOPTOSIS

Lack of oxygen aids cell survival
Jo Anne Powell-Coffman and Clark R. Coffman
In worms, neurons respond to low levels of environmental oxygen in a way that protects distant tissues from stress-induced cell death. The molecules that mediate this cell-cell signalling may be targets for cancer treatment. When to live and when to die? Cells face lifeand-death decisions during normal development and in disease. When a cell's DNA is damaged, the health of the organism may benefit if the afflicted cell executes a cellularsuicide program known as apoptosis. In other cases, the organism's survival requires that cells persevere and adapt to environmental challenges. Neurons integrate and initiate responses to many stresses. Can they control stress-induced cell death in distant tissues? On page 577 of this issue, Sendoel et al. 1 describe a remarkable discovery: sensory neurons respond to low oxygen levels (hypoxia) by producing a long-range signal that protects cells elsewhere in the animal from dying. What's more, they identify the likely signal and show that it is similar to a molecule that protects human cancer cells from dying when they are exposed to chemotherapy.
Oxygen is required in the molecular pathways that break down sugars to generate energy for cellular functions. In hypoxic conditions, cells adapt to harness energy in other ways and to minimize cellular damage. DNAbinding transcription-factor complexes called hypoxia-inducible factors (HIFs) direct most of these changes.
The relationship between HIF activity and cell death has been studied intensively in tumour cells. As a solid tumour grows, the innermost cells become increasingly distant from the oxygen supply and so experience hypoxic stress. If the cells die, it is to the patient's benefit. But HIF activity promotes cell survival, and in patients with cancer, high levels of HIF expression are linked to poor prognosis. It is therefore crucial to understand how HIFs protect cells from environmental insults, including therapies designed to kill cancer cells 2 .
Sendoel et al.
1 used genetic approaches in a simple roundworm, the nematode Caenorhabditis elegans, to explore the connection between HIFs and stress-induced cell death. When these worms are exposed to DNAdamaging radiation, some of the germline cells (cells that form eggs and sperm) undergo These findings are consistent with studies of tumour biology. The surprising finding is that HIF-1 promotes the survival of germline cells remotely. Indeed, HIF-1 functions in ASJ sensory neurons found in the worm's head, which signal over considerable distances to regulate cell-death decisions in the gonads.
What is the signal that inhibits cell death in the germ line? Sendoel et al.
1 present evidence to suggest that it is the TYR-2 enzyme, or a small metabolite generated by TYR-2 or related proteins. First, HIF-1 promotes the expression of TYR-2 in ASJ sensory neurons.
Second, the ability of HIF-1 to protect germ cells from stress-induced death depends on both functional ASJ neurons and the secretion of TYR-2. Finally, TYR-2 expression in the germ line is sufficient to inhibit radiation-induced cell death. Together, these data support the model illustrated in Figure 1 . In this scenario, the worms respond to oxygen deprivation by increasing HIF-1 expression, which then enhances TYR-2 synthesis in the ASJ neurons. TYR-2 proteins or their products then diffuse through the worm's fluid-filled body cavity, the pseudocoelom. The gonads import this 'suicide prevention' signal to inhibit radiation-induced germline cell death.
These findings may provide insight into why cancer cells can resist certain forms of chemotherapy. The TYR-2 protein of C. elegans is similar to human tyrosinase-related protein 2 (TRP2), which catalyses the production of the melanin pigment in cells called melanocytes. These cells occur particularly in the skin. Previous work 4 has shown that there is a positive correlation between TRP2 expression levels in melanoma cancers and resistance to radiation therapy as well as to certain chemotherapeutic drugs. Conversely, treatments that reduce TRP2 expression in melanoma cell lines make the cancer cells more sensitive to the chemotherapeutic drug cisplatin and to agents that cause other types of cellular stress 1, 5 . This protective effect of TRP2 is abolished by mutations that inhibit its enzymatic activity 1 . Sendoel and colleagues' discoveries introduce new questions. How do TYR-2 and TRP2 inhibit cell death? Do TYR-2-related enzymes limit the damage caused by radiation or chemotherapy, or do they inhibit CEP-1/p53 signalling more directly? What are the genes and pathways that regulate the CEP-1/p53 proteins in response to HIF-1 activation and TYR-2 expression? HIF-1 overexpression slows ageing in C. elegans 6, 7 . Does TYR-2 promote longevity by protecting other tissues from stress? Intriguingly, worms lacking a functional hif-1 gene express high levels of CEP-1 and show high rates of germline cell death in the absence of radiation 1 . The mechanisms for this remain unknown. Much will be learned from studies that explore the links between hypoxia, cell-cell signalling and cell death. 
Frustrated trio mimicked
Hartmut Häffner
Quantum simulation is a promising tool for navigating the complex world of many-body physics. The technique has now been employed to simulate a frustrated network of three quantum magnets by using trapped ions.
Frustration can be an exciting subject. In the every day world, we typically get frustrated when faced with a dilemma. Consider, for instance, three children playing on a see-saw. Two of them hop onto the see-saw and the third one is left behind frustrated. No matter which end of the see-saw the third child hops onto, the result is unsatisfactory. Similarly, frustration appears in physics when competing interactions between particles cannot be satisfied simultaneously. In the quantum regime, however, frustration leads to exciting physical phenomena that are hard to predict theoretically. On page 590 of this issue, Kim et al. 1 provide a stepping stone towards getting a firmer handle on frustrated quantum systems. Their experiment mimics a frustrated magnetic quantum network by using three ytterbium atomic ions in an electro magnetic trap.
The magnetic network displayed in Figure 1 consists of three quantum magnets (spins) on a triangle and has six states of lowest energysix mixed three-spin arrangements out of all eight possible configurations. These states all compete with one another for the system's ground state. The resulting frustrated ground state fluctuates between the six possible states, featuring entropy even at zero temperature. Linus Pauling used the existence of multiple ground states in frustrated systems to solve the puzzle of the non-zero residual entropy of water ice at low temperature 2 , as evidenced by measurements of the water's heat capacitance.
In the quantum world, there is more to frustration than explaining residual entropy at low temperature. In the example of the children playing on a see-saw, an observing adult might have resolved the situation by having the children take turns. Similarly, in the quantum regime, nature attempts to relieve frustration by having the spins take turns, but, crucially, it does so simultaneously by using superpositions of the competing states -the system is in more than one competing state at the same time. This superposition can lead to the emergence of an entangled ground state, in which delicate quantum correlations exist between the individual spins. These correlations give rise to exotic forms of matter, for example spin liquids. Furthermore, such quantum versions of frustration play a major part in complex physical phenomena, such as high-temperature superconducticity.
In emulating the three-spin frustrated quantum network with three trapped ytterbium atomic ions (the quantum emulator), Kim et al. 1 show that the system displays exactly these quantum correlations. But a quantum emulator such as that used by Kim and colleagues can do much more than help us to understand quantum frustration: a big enough device can answer almost any question in quantum many-body physics. Considering that quantum physics is a cornerstone of science, it is not surprising that physicists get very excited at such prospects. Without quantum emulators, it can be extremely difficult to understand even relatively small quantum systems, not to mention large ones. Scientists are particularly interested in large quantum systems as a means of understanding how certain properties of materials emerge, or even the role of quantum physics in biological systems. However, as few as 50 particles can be too many to deal with, even if their behaviour is simulated numerically in a classical computer. Today's largest supercomputers can hardly manage the enormous amount of information often required to describe such 'small' manybody quantum systems. The situation gets completely out of hand for systems composed of 300 spins, because the number of possible quantum states (2 300 ) approaches the number of atoms in the Universe.
The principle behind a quantum emulator is to mimic the dynamics of the quantum system under investigation by using another quantum system. However, success in such an emulation would require extensive control over the 
